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FOREWORD

The FS-2 launch escape vehicle component loads

investigation was conducted under NASA Apollo

Contract NAS9-150 in the Ames Research Center

Unitary Plan Wind Tunnels from 27 August to

13 September 1962.

This report was prepared by R.G. Hendry of the

Wind Tunnel Projects Group, Los Angeles Division

of North American Aviation, Inc.
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I. INTRODUCTION

Wind tun_n_e! tests of the O. 105-scale Apollo force

model (FS-Z) were conducted in the Ames 11- by

ll-foot, 9- by 7-foot, and 8- by 7-foot Unitary Plan

Wind Tunnels to measure launch escape vehicle (LEV)

component loads. 1 The tests were conducted over an

angle-of-attack range of -3 to +55 degrees. Data were

obtained in the Mach number range of 0. 7 to 3.4.

The tabulated and plotted data presented in the

appendixes to this report consist of longitudinal

stability characteristics for the escape motor and

command module components of the LEV while in the

presence of each other and the longitudinal stability
characteristics of the total LEV.

Ipretest Report of the 0. 105-Scale Apollo Force

Model FS-2 in the Ames Unitary Plan Wind Tunnels.

NAA S&ID SID 62-I007 (19 July 1962).
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II. DISCUSSION

This investigation was conducted using a 0. 105-scale model (FS-2)

of the Apollo to obtain aerodynamic force data and stability characteristics

on the individual components of the launch escape vehicle. To accomplish

this, two six-component balances were installed in the model. The Ames

T-I. 5 balance was supported between the launch escape rocket motor and

the tower. The Ames T-2.5 balance was mounted in the command module.

The model was constructed so that the escape tower could be supported

either directly by the sting or by the main balance in the command module.

With the escape tower supported by both methods, the loads on the escape

motor, the loads on the command module in the presence of the tower and

escape motor, and the loads on the total LEV were measured.

The plotted data are presented in Appendix A. In most cases, these

plots contain three curves representing the measured data for the total LEV,

the escape motor, and the command module in the presence of the launch

escape system. The curves are identified by the configuration nomenclature.

The portion of the configuration nomenclature that is not enclosed by paren-

thesis is metric (forces and moments measured) and indicates the com-

ponent load being measured. The components in parenthesis are present

but are nonmetric. This is shown on the sample plot (page A-3) preceding

the plotted data.

During these tests, the Ez0T9C 2 configuration was used to obtain

total LEV data to correlate with previous tests on this configuration to

determine whether the sting-knuckle model support affected the total loads

on the LEV. During this portion of the test in the 9- by 7-foot tunnel

(Mach numbers I. 55 to 2.4), the escape rocket balance failed. Therefore,

no escape rocket data were obtained at these Mach numbers for the

E20T9C 2 configuration.

The data obtained during the Mach number 3.4 run of the E20T9C 2

configuration contain certain discrepancies and were invalid. The raw

data were checked and recomputed by Ames personnel with the same

results. The source of the errors was not determined, and the plots of

these data have been omitted.

-3-
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III. MODEL DESCRIPTION

The O. 105-scale Apollo FS-2 force model has been modified to per-

mit installation of the Ames 1.5-inch Task balance in the escape motor body.

The balance is supported on the forward end of the tower. The Ames

2.5-inch Task balance is installed on the model centerline in the balance

block within the command module.

Two methods of supporting the tower are provided. One is nonmetric,

in which the tower is supported from the sting and does not make contact

with the command module. This arrangement permits testing of the LEV

to obtain individual component loads on both the escape motor and the com-

mand module while in the presence of each other and the tower.

•, The second method is to make the tower metric by attaching it to the

2.5-inch balance block. With this arrangement, the T-2.5 balance

measures the total LEV loads.

The 7121-01081 Ames sting, which was constructed for the AEDC

T-2.5 balance, was shortened and modified to incorporate a pivot point aft

of the command module. Two sets of adapter support arms for sting offset

angles of 12 and 40 degrees were provided with a new adapter to fit the

Ames T-2.5 balance (Figure 1).

Additional model information can be found in the structural analysis
1

report.

INSTRUMENTATION

Force data were measured on the launch escape motor by the Ames

T-1.5 internal balance. Force data were measured on the command

module alone and on the total LEV by the Ames T-2. 5 internal balance.

The base pressure reading was obtained but was not used in the data
reduction.

IStructural Analysis of the 0105-Scale Apollo Wind Tunnel Model (FS-2).

NAAS&ID SID 62-104 (12 March 1962).
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MODEL NOMENCLATURE

The model nomenclature used during these tests is presented in the

following tabulation.

Symbol De sc ription Drawing No. Sketch

Figure 2E20

E48

E49

C 2

T 9

Escape motor,

65-inch diameter disc

mounted foward of the

30-degree flared skirt

Escape motor, 34-

degree flared skirt

Escape motor, 65-inch

diameter disc with

fairing mounted for.-

ward of 34-degree

flared skirt

Command module

Tower structure

7121-01080

-2, -9, -10

-11, -18,

and - 21

7121-01089

-3, -4, -5,

-6; 7121-01080

-15 and -18

7121-01089

-3, -4, -5, -6,

and -7; 7121-

01080 -15 and

-18

7121-01077

-3, -4, -5,

-19, -20,

and -21

7121-01079

-Ii

Figure 2

Figure 2

Figure 3

Figure 4

FULL-SCALE DIMENSIONS

Full-scale dimensions of the components represented in the tests are

given in the following listing.

Escape Rocket Motor, E20

Total length, including jettison motor

Diameter of escape rocket

Nose included angle

Skirt-disc diameter

Skirt- dis c thickne s s

Skirt-disc position forward of flared skirt base

Diameter of escape rocket base

Skirt flare angle

252.39 in.

26.00 in.

30.00 deg

65.00 in.

2.50 in.

18.70 in.

52.00 in.

30.00 deg

-7-
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Escape Rocket Motor, E48

Total length, including jettison motor and kicker motor

Diameter of escape motor, jettison motor, and kicker

motor

Nose included angle

Diameter of escape rocket base

Skirt flare angle

274. 81 in.

26. 00 in.

30.00 deg

51.85 in.

34.00 deg

Escape Rocket Motor, E49

Total length, including jettison motor and kicker motor 274.81 in.

Diameter of escape motor, jettison motor and kicker

motor 26. 00 in.

Nose included angle 30.00 deg

Skirt-disc diameter 65.00 in.

Skirt-disc thickness i. 25 in.

Skirt-disc position forward of flared skirt base 18.00 in.

Diameter of escape rocket base 51. 848 in.

Skirt flare angle 34.00 deg

Skirt-disc fairing diameter 51.00 in.

Command Module, C 2
Maximum diameter

Radius of spherical blunt end

Corner radius

Nose cone semiangle

Nose cone vertex radius

Total height

Frontal area

Tower Structure, T 9

Total length

Number of longitudinal members

Diameter of longitudinal members

Diameter of cross braces

Distance between attachment points at command

module

Distance between attachment points at escape motor

154.00 in.

184. 80 in.

7.70 in.

33. 00 deg

9. 152 in.

135. 021 in.

129. 351sqft

114. 514 in.

4. 00

3. 571 in.

2. 381 in.

46. 752 in.

21. 905 in.

-8- ^ ^ " n I"-- P'|qTI A /
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IV. TEST PROCEDURE

TEST NOMENCLATURE

The symbols used in these tests are defined as follows:

A Reference area = 1.4261 ft2

M_ Free-stream Mach number

Angle of attack of the command module (applies for

both LEV or command module alone), deg (0 degrees

is command module apex forward)

Angle of sideslip of the command module (applies for

both LEV or command module only), deg (0 degrees

is command module apex forward)

Angle of attack of the escape motor, deg

Angle of sideslip of the escape motor, deg

q_
Free-stream dynamic pressure, ib/ft 2

K C Configuration number code

d Model reference diameter (maximum diameter of

command module), 1.3475 ft

R Free-stream Reynolds number, per ft

Cp b

Pb

P

Command module base pressure coefficient,

Pb - P_

q

Base pressure, lb/ft 2

Free-stream static pressure, lb/ft 2

Sting bend angle, deg (measured

between model axis of symmetry

and sting centerline)

Coefficients with subscript E denote aerodynamic loads acting on the

escape motor while in the presence of the tower and command module.

These subscripts are used only in the tabulated data section of Appendix B.

-13-

SID 63- 145



NORTH AMERICAN AVIATION, INC.

*._ •, P, ,.- --_%T j .a

VVltl II./I-I1 s _ ......... ,

SPACE and INFORI_IATION SYSTEMS DIVISION

Stability System of Axes With Origin at Center of Gravity

C D Drag coefficient (not corrected for base effects)

drag/qA

C L Lift coefficient, lift/qA

Cml or Cmcg
Pitching moment coefficient about the reference

center of gravity, pitching-moment/qAd.

L/D Lift-to-drag ratio, CL/C D

CD E Drag coefficient (not corrected for base effects)

drag/qA(applies to drag on the escape motor only)

CL E Lift coefficient, lift/qA (applies to lift on the

escape motor only)

Cml E or CmEcg
Pitching. moment coefficient about the reference

center of gravity, pitching moment/qAd (applies

to pitching moment on the escape motor only)

Body System of Axes With Origin at Center of Gravity

C N Normal-force coefficient, normal force/qA

C A Axial-force coefficient (not corrected for base effects),

axial force/qA

CNE Normal-force coefficient, normal force/qA (applies to normal
force on the escape motor only)

CAE Axial-force coefficient (not corrected for base effects),
axial force/qA (applies to axial force on the escape motor only)

Body System of Axes With Origin at Command Module Projected Cone Apex

Cm2 or CmA Pitching moment coefficient, pitching moment/qAd

IXcp)N or Xcp/D Location of the normal force center of pressure

divided by the command module diameter and

measured from the command module apex,

positive forward

Cm2E Pitching moment coefficient, pitching moment/qAd

•(applies to pitching moment on the escape motor

only)

14-
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Jrl II11_

(XCp)NE Location of the normal force center of pressure

divided by the command module diameter, and

measured from the command module apex, positive

forward (applies to center of pressure on the

escape motor only)

MODEL INS TALLATION

The FS-2 Apollo model was supported by an Ames adapter combined

with a NAA modified sting and two sets of indexed brackets, with offset

angles of 12 and 40 degrees, to provide an angle range of -3 to +55 degrees

(Figure 5).

The command module was installed on the Ames T-2.5 balance, and

the escape motor was installed on the Ames T-1.5 balance.

For measurement of the combined LEV loads, the tower that supports

the escape motor was attached directly to the T-2.5 balance support
block located in the command module.

For measurement of individual LEV component loads, the tower was

attached by means of tie plates directly to the indexed brackets on the sting.

In this way, the loads on the escape motor and tower were not measured

(nonmetric) by the T-2.5 balance.

The basic angle range for the support system extended from a = -15

to +15 degrees. This range, combined with the offset angles of the two index

brackets (12 and 40 degrees), allowed complete coverage of the angle-of-

attack range.

INSTRUMENTATION

The outputs from both the Ames T-1. 5 balance in the escape motor

and the T-2.5 balance in the command module were recorded on the Ames

Beckman data system.

The data were reduced at a remote computer location then trans-

mitted to a flexowriter located in the tunnel control room.

Schlieren flow visualizdtion photographs and motion pictures were

taken during the tests.

-15-
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DATA REDUC TION

Equations and Methods

The data reduction program was set up to provide aerodynamic force

and moment coefficient data about the body and stability axis for the escape

motor and the command module of the launch escape vehicle.

The center of pressure location was reduced to dimensional form

Xcp/D.

The aerodynamic force and moment coefficient data about the balance

axes were obtained by the standard data reduction equations for tests con-

ducted in the Unitary Plan Wind Tunnel.

Equations and moment transfer distances from the command module

apex to the center of gravity and to the balance center have been tabulated

and are included in this section. A moment transfer sketch is shown in

Figure 6.

The following equations are used to transfer force coefficients from

the balance axis to the body axis.

Escape motor coefficients (balance No. i)

CA1 = C Abalance No. 1

CNI = C N balance No. 1

Cm A : CNIXxl + C m balance No. 1
1

= C N -- + -- + Cm A
Cmcg I i Xcg CAI Zcg

(Xcp)i/D = CmAi/CNI

Command module or LEV coefficients (balance No. 2)

CA2 = C A balance No. 2

CN2 = C N balance No. Z

CmA2 = CN2 Xx2 + C m balance No.

- 17- % ii rl ir%rllTi
vv .... i_ _]rl I 11+111
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Cmcg 2 = CN 2 _cg + CA2_cg + CmA2

(XcP)2/D = CmA Z/CN 2

Data Reduction Factors

Symbol

S

D

n

Xx 1

u

X
x2

Xz I

XZ 2

Description

Reference area (maximum cross section

command module}

Reference length (maximum diameter of

c ommand module}

Longitudinal distance from apex to center of

T-1.5 balance in escape motor, positive

forward of apex

Longitudinal distance from apex to center of

T-2.5 balance in command module, positive

forward of apex

Vertical distance from model axis of symmetry

to center of T-1.5 balance in escape motor,

positive above model axis

Vertical distance from model axis of symmetry

to center of T-2.5 balance in command module,

positive above model axis

Value

I.4261 ft2

I. 3475 ft

i.5495 ft

-0. 7303 ft

0

0

Launch Escape System

Symbol

Xcg

m

Zcg

Description

Longitudinal distance from command module

apex to the center of gravity, positive forward

of apex

Vertical distance from model axis to the center

of gravity, positive below model axis

Value

-0. 4252 ft

+0. 05929 ft

-19-
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DATA ACCURACY

The balance and recording instrumentation were set to provide

maximum sensitivity possible within the capabilities of the amplifying

instrumentation and the limits established by keeping maximum loads less

than full scale on the recorders. The Beckman data recorder at Ames has

a readout capability of i0,000 counts full scale with a rated sensitivity of

±2 counts.

The dynamic pressure (q) remained constant at 540 psf for runs made

at Mach number 0.7 to 3.0 and at 425 psf for runs made at Mach number

3.4 and can be recorded within ±0.02 inches Hg (2. 829 psf).

The Mach number can be recorded within ±0.01, and the angle of

attack (_) can be recorded within ±0.01 degree for angles up to 99 degrees

and within ±0. 1 degree for angles of 100 degrees and greater.

The model-to-balance offset angle (/_) remained constant at 0 degrees

for the entire test.

The maximum coefficient deviations that could be expected in the

presentation of the results of this test are presented below. Coefficient

deviations for the escape motor are based on repeat runs obtained while

measuring both total and component LEV loads. Other coefficient deviations

were estimated assuming a 0.5 percent balance error, which is normal

tolerance for the balances used.

Escape Motor (T-1. 5 Balance)

Mach No.

0.7 to 0.9

1.1 to 3.0

3.4

CN

0. OO58

0. 0059

0. 0075

CA

O. 0063

0.0063

O. OO8O

Cmcg

0. 0123

0. 0123

0. 0157

Cm A

0. 0102

0. 0102

0. 0130

CL

0. 0063

0.0O63

0. 0081

CD

0.0064

0.0064

0.0082

Command Module (T-2.5 Balance)

Mach No.

0.7 to 0.9

1.1 to 3.0

3.4

C N

0.0112

0.0113

0.0143

CA

0. 0139

0. 0139

0. 0176

Cmcg

0.0083

0.0083

0.0107

Cm A

0.0105

0. 0105

0. 0133

CL

0. 0128

0. 0128

0. 0164

CD

0.0139

0.0139

0.0178

- 20 -
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Mach No.

0.7 to 0.9

I.i to3.0

3.4

LEV (T-2. 5 Balance)

CN C A

0.0113 0.0139

0.0114 0.0139

0.0144 0.0176

Cmcg

0.0083

0.0083

0.0107

Cm A

0.0105

0.0105

0.0133

CL

0.0133

0.0133

0.0169

C D

0. 0139

0. 0139

0. 0178

Model installation photographs are presented in Figures 7 through 16.

Typical Schlieren photographs taken during the test are presented in Figures

17 and 18.
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Launch Escape Vehicle Characteristics Cmcg, CA' CN' Cm A' Xcp/D

Configuration: EZ0 T 9 CZ

M=0.7

M=I.I

M= 1.35

M = i. 55

M=2.0

Configuration: E48 T 9 C Z

M=0.7

M=0.9

M=l.l

M=I.Z

M= 1.35

M= 1.55

M=2.0

M=2.4

M=2.6

M=3.0

M=3.4

.Configuration:

M=0.7

M=0.9

M= I.I

M= 1.2

M= i. 35

M= 1.55

M=2.0

M=2.4

M=2.6

M=3.0

M=3.4
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A- 20

A- 28
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